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influx with phosphoinositide metabolism in the adrenal medulla (Hawthorne, 1982) .
Using chromaffin cells in culture, we have explored the identity of the first inositol lipid hydrolysed in response to muscarinic stimulation, the dependence of this hydrolysis on external Ca'+ and the effect of muscarinic activation on intracellular Ca2+.
Cell isolation was carried out essentially as described by Knight & Baker (1983) . For cell culture the method of Fisher et al. (1981) was used. The cultured cells were prelabelled for 75min in Iml of Locke's solution containing 5OpCi of [32P] orthophosphate/ml and then washed twice with cold Locke's solution to remove excess 32P. The medium was then replaced with Locke's solution containing cholinergic drug (or control Locke's solution only) and the brief incubation at 25°C terminated by the addition of lml of 20% trichloroacetic acid and approx. 2Omg wet weight of adrenal medulla homogenate, this latter as 'carrier' tissue. The precipitate was centrifuged down, washed once with 1 ml of 5% trichloroacetic acid containirig 1 mM-EDTA and once with 2ml of distilled water.
Lipid was extracted from the wzshed pellets with chloroform/methanol/conc. HCI (100 : 100 : I , by vol.), a two-phase system then being produced by the addition of chloroform and 0.1 M-HCI. The lower phase was concentrated under nitrogen for application to thin-layer plates of silica gel 60H spread in 3% magnes,ium acetate. Twodimensional separations employed chloroform/methanol/ ammonia (65 : 25 : 5, by vol) followed by chloroform/ acetone/methanol/acetic acid/water (510 :40 : 10 : 10 : 5, by vol.). After iodine staining spots were scraped off and radioactivity determined by liquid scintillation counting. Intracellular Ca2+ was monitored by using the fluorescent indicator Quin 2 (Tsien et al., 1982) . Cells were prepared by incubation for 60min with 20pM-Quin 2-AM and washed twice in Ca2+-free medium. The cells (2 K lO6/ml) were then transferred to the reaction cuvette, to which CaClz (1 mM) was added followed by the cholinergic drug. Table 1 shows that incubation of prelabelled chromaffin cells with carbachol causes a loss of PtdIns(4,5)P2 and PtdIns4P within 30s. There is a concomitant increase in phosphatidate labelling, possibly because of diacylglycerol kinase acting upon the diacylglycerol released from the phosphoinositides. The loss of polyphoiiphoinositides does not occur in Ca?+-free medium, a result similar to those of Rhodes et al. (1983) , using vasopressin-stimulated hepato- cytes. However, the calcium-dependence is controversial in this system (Hawthorne, 1983) . Methacholine causes a similar response to carbachol in the chromaffin cells, confirming that the phosphoinositide response is muscarinic.
These results cast doubt on the 'second-messenger' role of inositol trisphosphate in mobilizing CaZ+ (reviewed by since essentially the same PtdIns(4,5)Pz loss is seen as in hepatocytes, but without Ca2+ mobilization. In addition, rapid loss of labelled PtdIns4P is also seen in response to muscarinic drugs, yet the resulting inositol bisphosphate is said to have no calcium-mobilizing properties (Streb et al., 1983 The molecular events required for visual excitation are not completely understood. Any proposal describing this mechanism must account for signal transmission from the rhodopsin-containing discs to the plasmalemma, between which there is no observable continuity, and for the largescale amplification which is thought to occur in the ROS (Hagins et al., 1970) . Two major theories have been
Abbreviations used: ROS. rod outer segments; Ptdlns(4.5)P2, phosphatidylinositol 4.5-bisphosphate; Ptdlns4P. phosphatidylinositol 4-phosphate. postulated to explain the transduction mechanism, one involving calcium as the primary transducer (Hagins, 1972) , the other implicating cyclic G M P (Yee & Liebman, 1978; Fung & Stryer, 1980) . ROS contain a light-sensitive cyclic G M P phosphodiesterase. An analogy has been made between the activation of this enzyme, and the receptor-mediated activation of adenylate cyclase in various tissues (Abood et al., 1982) . The second major class of receptors involved in cell activation is invariably associated with changes in cyclic G M P levels together with raised intracellular calcium (Berridge, 1981 ). An analogy between this system and calcium mobilization in ROS could also be made. Recent evidence implies that polyphosphoinositides play an important role in mediating the effect of this type of receptor (Hawthorne, 1983; Berridge, 19834 into the phosphoinositides of retinas incubated in the light over that of control retinas incubated in the dark (Anderson et al., 1983; Schmidt, 1983) . These results are consistent with a classic phosphatidylinositol effect occurring in the retina. However, they do not demonstrate polyphosphoinositide breakdown as a direct response to light stimulation. This investigation examines polyphosphoinositide metabolism in whole retina, and at the light-active site in isolation from the remainder of the retina. Bovine eyes (30) were obtained fresh from the abattoir. The retinas were dissected out and incubated for 2h in the dark with I ml of modified Ringer's bicarbonate-pyruvate solution containing 33pCi of [32P]orthophosphate/ml per retina. Whole retinas were either precipitated by addition of ice-cold 20% trichloroacetic acid to give a final concentration of 10% or were exposed to light for 30s before trichloroacetic acid precipitation. Lipid was extracted from the precipitates and separated by t.1.c. according to Yagihara et al. (1973) . After iodine staining, spots were scraped off and radioactivity determined by scintillation counting. ROS were prepared from labelled retinas according to a modified method of Papermaster & Dreyer (1 974). Routinely the ROS were made up to a protein concentration of 10.0 k 2.0mg/ml (rhodospin concentration 50 k 2 0 p~) with IOmM-Tris/acetate buffer, pH 8.0, containing 9 0 m~-NaCl and 2mM-MgClz. Portions of the ROS suspension were precipitated in the dark with ice-cold 20% trichloroacetic acid, to give a final concentration of 10%; other samples were exposed to light for 30s before precipitation. Further steps were carried out as described above. Table 1 demonstrates that, after incorporation of 3 ? P into retinal lipids in the dark, exposure of whole retina to light for 30s causes a significant breakdown of PtdIns(4,5)P2, indicating a direct response of phosphoinositide metabolism to light stimulation.
The retina is a complex tissue consisting of many cell types. However, the light-sensitive site occurs in the outer segment of the rod cell. This outer segment is connected to the inner segment of the photocell by a thin cilium, which can be broken by vigorous shaking. ROS can then be isolated from the remainder of the retina by sucrose density centrifugation. Table 1 also shows that exposure of isolated 32P-labelled ROS to light for 30s causes a significant decrease in PtdIns(4,5)P2 with a concomitant increase in phosphatidic acid. This observation indicates that at least part of the increased polyphosphoinosiside turnover observed when retinas are exposed to light is due to breakdown of PtdIns(4,5)Pz at the light-responsive site.
